The statins, inhibitors of 3-hydroxy-3-methylglutaryl-coenzyme A reductase, act to regulate the biosynthesis of cholesterol. Statins also deplete nonsterol cholesterol precursors, the isoprenoids, which are necessary for prenylation of critical membrane proteins that regulate cellular communication, including the inflammatory response. In a retrospective review of 388 bacteremic infections due to aerobic gram-negative bacilli and Staphylococcus aureus, there was a significant reduction in both overall (6% vs. 28%;
Cholesterol metabolism is a highly regulated process that uses a complex system of enzymatic feedback mechanisms. These mechanisms balance dietary uptake of cholesterol with de novo hepatic biosynthesis and regulate its transport to selected peripheral organs. 3-hydroxy-3-methylglutaryl-coenzyme A (HMG-CoA) reductase is the rate-limiting enzymatic step in cholesterol biosynthesis [1] . The drugs that competitively inhibit HMG-CoA reductase and that reduce cholesterol biosynthesis are collectively known as "statins." Statins have been shown to play an important role in the treatment of hyperlipidemia and in reducing the risk of coronary artery disease [2, 3] .
The role of inflammation in destabilizing atherosclerotic arterial plaques has become an active area of cardiovascular research [4, 5] . Components of the inflammatory process, including lipid-laden macrophages, augment plaque rupture, cause subsequent thrombosis, and lead to myocardial ischemia and infarction. Both in vitro and animal studies have proposed that statins may play a role in reducing the local inflammatory reaction within atherosclerotic plaques through direct, non-lipid-lowering effects [6, 7] .
The clinical anti-inflammatory potential of statins in noncardiovascular conditions has not been defined. It has recently been reported that mice treated with lovastatin experience a decrease in leukocyte migration into the lung parenchyma after intranasal instillation of endotoxin, and there is a measurable decrease in the production of TNF at higher statin doses [8] .
The mortality due to bacteremic infections is highly dependent on the inflammatory response and cytokine production. We have evaluated clinical outcomes in bacteremic infection among patients receiving statins to assess whether these drugs might have a role in altering the host response to bloodstream infection. This retrospective analysis compares the mortality and clinical and laboratory findings among patients taking statins with those of patients who where not receiving statins at the time of their bacteremic episode.
METHODS
We reviewed the clinical records of patients with bacteremic infection due to aerobic gram-negative bacilli and Staphylococcus aureus organisms at the Veterans' Affairs Medical Center (VAMC) in Washington, DC, during September 1995 through April 2000. Isolates considered potential skin contaminants, such as diphtheroids or coagulase-negative staphylococci, were not included in this study. S. aureus microbial isolates were included to represent gram-positive infection. There were relatively few streptococcal isolates, and many of these were from patients with a-hemolytic streptococcal endocarditis, in whom the pathophysiological changes due to the bacteremia are dissimilar from the sudden cytokine release that may be seen in other bacteremic conditions. We chose not to include anaerobic organisms in our study population, because they were underrepresented among patients taking statins and might have contributed disproportionately to the mortality of the nonstatin group.
Only those patients taking a statin at the time of admission and who continued their statin throughout the course of hospitalization were included in the statin group. All statins used at the VAMC during the study period were evaluated. We did not address the length of statin treatment, outpatient compliance, or efficacy of lipid lowering in this retrospective review.
By use of the computerized medical records available at the VAMC, clinical data from the time of positive results of blood culture were collected. Data collected included age, vital signs, intensive care unit (ICU) stay, concurrent medications, laboratory data, underlying medical conditions, and probable source of bacteremia. Hospital-acquired bacteremia was defined as that which occurred 148 h after the date of admission. Sources of information included the admission history and physical examination, medication orders, written notes, discharge summaries, and available corroborating radiological and laboratory data.
Overall mortality was defined as death that occurred sometime during the course of hospitalization from any cause. Mortality attributable to the bacteremic episode was based on the circumstances of death, as determined by review of the available recorded observations made by the attendant physicians as well as septic parameters that were gleaned from the medical charts.
Statistical analysis was done using Fisher's exact test and a multivariate logistic regression model (StrataCorp 1997, Strata statistical software, release 5.0)
RESULTS
A total of 388 bacteremic episodes from the VAMC were collected for analyses. These included 243 episodes (63%) of aerobic gram-negative bacteremia and 145 episodes (37%) of S. aureus bacteremia. Among the patients with bloodstream infections, a total of 35 patients (9%) were taking a statin drug, with 20 patients in the gram-negative bacteremia group and 15 in the S. aureus bacteremia group.
Simvastatin was the most common statin prescribed: 14 of 15 patients in the S. aureus bacteremia group (with the 1 remaining patient taking lovastatin) and 13 of 20 in the gramnegative bacteremia group were taking simavastitin. Fluvastatin accounted for 5 of the 20 statins prescribed for patients with gram-negative bacteremia, whereas atorvastatin and pravastatin were each given to 1 patient in the gram-negative bacteremia group.
Patients with bacteremia were predominantly male (386 [99.5%] of 388 patients), which reflects the VAMC population, and had a mean age (‫ע‬SD) of 63 ‫ע‬ 13 years (table 1) . Other than a low albumin level and reduced platelet count among the patients who did not receive statins, the 2 groups did not differ with regard to any laboratory parameters.
Underlying medical conditions are summarized in table 2. The statin group had a higher incidence of diabetes, hypertension, and coronary artery disease ( ). The mortality rates for P ! .001 all patients were highest among those with a history of cirrhosis or chronic hepatitis (40%) or congestive heart failure (33%). For both groups, the source of the bacteremic infection was unknown for approximately one-fourth of the patients (table  3) . Urinary tract infections, which accounted for one-fourth of the infections, were the most frequently identified source of bacteremia in both groups. There were more pulmonary infections among patients who did not receive statin, and there were significantly more skin and soft tissue infections among patients who took statin drugs.
A review of concurrent medications revealed that those patients who were receiving statins were more likely to be receiving aspirin, b-blockers, insulin, diuretics, and calcium channel blockers. As noted below, none of these additional drugs were shown to have had a statistically significant effect in reducing mortality rates in a multivariate analysis. There were no significant differences between patients who did and those who did not receive statins with regard to administration of angiotensin-converting enzyme (ACE) inhibitors, digoxin, warfarin sodium, oral hypoglycemic agents, corticosteroids, or erythropoietin.
Overall hospital mortality rates ( . This observed increase in mortality rates among patients with hospital-acquired bacteremia or ICU stay was seen only in patients who did not take statins. There were no deaths among patients with hospital-acquired bacteremia or among patients in the ICU who were receiving statins.
There were no significant differences in attributable mortality among the various gram-negative microbial isolates (table 5) . Among patients with S. aureus bacteremia, no statistical differences in attributable mortality were noted between patients with methicillin-sensitive S. aureus and those with methicillinresistant S. aureus. Multivariate analysis of age, comorbid conditions, concurrent medications, site of infection, vital signs, ICU stay, and laboratory data revealed that only statins were associated with a decreased mortality rate (OR, 7.63; 95% CI, 1.01-57.5). The use of ACE inhibitors was associated with decreased rates of survival (OR, 2.14; 95% CI, 1.08-4.26). No underlying disease was predictive of mortality in the multivariate analysis.
DISCUSSION
This retrospective study revealed a statistically significant decrease in both overall and attributable mortality rates among patients with bacteremia who were receiving statins. A multivariate analysis confirmed that the reduced mortality rates were associated with statin therapy and were not simply an artifact of the retrospective analysis. This effect could not be related to the specific statin being given, because the number of patients receiving each of the different statins was small. In addition, the specific microbial etiology was not responsible for any of the observed differences in mortality.
The multivariate analysis revealed that ACE inhibitor use was associated with decreased rates of survival; however, there were no differences in the frequency of ACE inhibitor use between the patients who did and those who did not receive statins. The effect of ACE inhibitors may be related to the use of these drugs to treat patients with congestive heart failure, which is a condition associated with a higher mortality rate in a univariate analysis of all patients.
The severity of underlying illness often accounts for differences in survival among patients with bacteremia. In our study, there were few differences in the frequency of underlying diseases. Diabetes mellitus, hypertension, and coronary artery dis- ease were, as expected, more frequently encountered among those patients who were receiving statins. The only other underlying condition that was significantly different between the 2 groups was polysubstance abuse, which was more common among the patients who did not receive statins. Exclusion of these patients from data analyses did not alter the significance of the study in either overall or attributable mortality rates, nor did any underlying condition affect the observed differences in mortality rates in the multivariate analysis. Although patients with hospital-acquired bacteremia and ICU stay had a higher mortality rate, this increased mortality rate was not evident among patients taking statins. Whereas adherence to medications before admission would be difficult to assess, patients with hospital-acquired infection would have been receiving medication under supervision.
Patients with bacteremia experience systemic inflammation and widespread proinflammatory cytokine release, which contribute to mortality. The beneficial effects of statins for patients with bacteremia may be related to their effects on the inflammatory process. The mechanism whereby statins may exert their anti-inflammatory effect involves depletion of isoprenoids, which are important nonsterol cholesterol precursors [9] . Isoprenoids are required for prenylation reactions in which farnesyl and geranyl groups are covalently bound to membrane G proteins, which are critical in the signal-transduction pathways and which regulate cellular signaling, migration, and proliferation [10] [11] [12] [13] . By reducing the level of isoprenoids, statins inhibit the prenylation reaction and reduce cellular activity.
An important component of the inflammatory response is the chemotactic migration of neutrophils. Statins inhibit chemotaxis and transendothelial migration of neutrophils. Dunzendorfer et al. [14] treated neutrophils in vitro with pravastatin at therapeutically achievable concentrations and demonstrated a significantly reduced chemotaxis to the chemoattractant formyl-methionyl-leucyl-phenylalanine; this effect was not associated with a decrease in cholesterol levels. In a similar manner, statins have been shown to inhibit the migration of inflammatory cells and may thus decrease the inflammatory component of the atherosclerotic plaque [15] .
Clinically, defects in neutrophil chemotactic activity are often associated with an increased incidence of skin and soft tissue infections. It is interesting to note that there was a statistically significant increase in skin and soft tissue infections among the patients with bacteremia who were receiving statins compared with those who did not receive statins. However, this finding may also be related to the increased incidence of diabetes mellitus in the statin group. Further study is necessary to delineate the potential permissive effect of statins in skin infection. The complete absence of pulmonary disease as a cause of bacteremic infection among the patients who received statin is unexplained.
The potential role of statins in the treatment of infections and other inflammatory states remains to be defined. Nevertheless, the results of this retrospective review suggest that prospective studies may demonstrate a therapeutic benefit and provide greater insight into the mechanisms involved in the inflammatory response.
